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POWER ADAPTER FOR DYNAMICALLY
ADJUSTING OUTPUT VOLTAGE AND
POWER SUPPLY SYSTEM WITH THE SAME

FIELD OF THE INVENTION

The present invention relates to a power adapter, and more
particularly to a power adapter for dynamically adjusting an
output voltage. The present invention also relates to a power
supply system with the power adapter.

BACKGROUND OF THE INVENTION

With increasing development of science and technology,
portable electronic devices such as smart phones, tablet
personal computers or MP3 players are now rapidly gaining
in popularity. Generally, these portable electronmic devices
are powered by a fixed voltage (e.g. 5V). Each of the
portable electronic devices 1s usually equipped with at least
one {irst connecting port (e.g. USB port). Via the first
connecting port, the portable electronic device 1s connected
with a power supply system to receive a charging voltage.

Generally, the power supply system comprises a power
adapter, a power cable, and a USB hub. The USB hub
comprises plural second connecting ports (e.g. USB ports).
The plural second connecting ports of the USB hub may be
connected with the first connecting ports of corresponding
portable electronic devices. The power adapter 1s used for
receiving an put voltage (e.g. an AC voltage from a utility
power source) and converting the input voltage into an
output voltage (e.g. 5V) for powering the portable electronic
devices. The power cable 1s connected between the power
adapter and the USB hub. Through the power cable, the
output voltage from the power adapter may be transmitted to
the USB hub. After the first connecting ports of the portable
clectronic devices are connected with the second connecting
ports of the USB hub, the electric energy of the output
voltage may be transmitted to the portable electronic devices
to charge the portable electronic devices.

As known, the length of the power cable 1s related to a
corresponding impedance value of the power cable. As the
length of the power cable 1s increased, the impedance value
1s increased. Since the level of the output voltage from the
power adapter 1s fixed, the output voltage 1s subjected to a
voltage drop. Due to the voltage drop, the voltage level at the
USB hub 1s smaller than the level of the output voltage from
the power adapter. Under this circumstance, the voltage
level provided by the USB hub possibly fails to reach the
desired voltage level for powering the portable electronic
devices. Moreover, as the number of the portable electronic
devices connected with the USB hub 1s increased, the
magnitude of a load current outputted from the power
adapter 1s 1increased, and the voltage drop across the power
cable 1s increased. Under this circumstance, the voltage level
at the USB hub 1s further decreased. Due to the impedance
of the power cable, the voltage level provided by the USB
hub possibly fails to reach the desired voltage level for
powering the portable electronic devices. 11 the voltage level
provided by the USB hub 1s msuflicient, the chargeable
batteries of the portable electronic devices fail to be fully
charged and thus the aging conditions of the chargeable
batteries are accelerated. Under this circumstance, the
endurance of the chargeable batteries will be impaired.

Therefore, there 1s a need of providing an improved power
adapter for dynamically adjusting an output voltage 1n order
to obviate the above drawbacks. Consequently, the level of
the output voltage from the power adapter i1s correspond-
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2

ingly adjusted according to the voltage drop resulting from
the impedance of the power cable.

SUMMARY OF THE INVENTION

The present invention provides a power adapter for
dynamically adjusting an output voltage and a power supply
system with the power adapter. The power adapter 1s con-
nected with a hub through a power cable. The power adapter
comprises a power converting circuit, a current detecting
circuit, and a controlling unit. A look-up table 1s stored 1n the
controlling unit for recording a relationship between a load
current and a voltage drop across an impedance of the power
cable. According to a current detecting signal from the
current detecting circuit, the controlling unit may realize the
magnitude of the load current and realize the voltage drop
across the power cable according to the look-up table.
Consequently, the power converting circuit 1s driven to
increase the level of the output voltage to a magnitude equal
to the sum of a charging voltage and the voltage drop. When
the output voltage from the power converting circuit 1s
transmitted to the hub through the power cable, the voltage
level provided by the hub possibly can reach the desired
voltage level for powering the portable electronic devices. In
other words, the portable electronic device can be normally
operated and the use life of the chargeable battery within the
portable electronic device can be extended.

In accordance with an aspect of the present invention,
there 1s provided a power adapter connectable with a hub
through a power cable. The hub has plural connecting ports.
The power adapter includes a power converting circuit, a
current detecting circuit, and a controlling unit. The power
converting circuit 1s used for recerving an mput voltage and
converting the input voltage into an output voltage. The
output voltage 1s outputted from an output terminal of the
power adapter, and electric energy of the output voltage 1s
transmitted to the hub through the power cable, so that a
charging voltage with a constant voltage level 1s provided by
the hub through the connecting ports. The current detecting
circuit 1s connected with the power converting circuit for
detecting a load current and outputting a corresponding
current detecting signal. The load current 1s transmitted from
the power converting circuit to the hub through the power
cable. The controlling unit 1s connected with the current
detecting circuit and the power converting circuit for receiv-
ing the current detecting signal. A look-up table 1s stored 1n
the controlling unit for recording a relationship between the
load current and a voltage drop across an impedance of the
power cable. According to the current detecting signal and
the look-up table, the controlling unit 1ssues a feedback
signal to the power converting circuit. According to the
teedback signal, the power converting circuit 1s driven to
dynamically adjust a level of the output voltage to be equal
to the sum of the voltage drop and the charging voltage.

In accordance with another aspect of the present imven-
tion, there 1s provided a power supply system. The power
supply system includes a power cable, a hub, and a power
adapter. The hub 1s connected with the power cable, and
includes at least one connecting port. The power adapter 1s
connected with the hub through the power cable. The power
adapter includes a power converting circuit, a current detect-
ing circuit, and a controlling unit. The power converting
circuit 1s used for recerving an mput voltage and converting
the input voltage mto an output voltage. The output voltage
1s outputted from an output terminal of the power adapter,
and electric energy of the output voltage 1s transmitted to the
hub through the power cable, so that a charging voltage with
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a constant voltage level 1s provided by the hub through the
connecting ports. The current detecting circuit 1s connected
with the power converting circuit for detecting a load current
and outputting a corresponding current detecting signal. The
load current 1s transmitted from the power converting circuit
to the hub through the power cable. The controlling unit 1s
connected with the current detecting circuit and the power
converting circuit for receiving the current detecting signal.
A look-up table 1s stored 1n the controlling unit for recording,
a relationship between the load current and a voltage drop
across an 1mpedance of the power cable. According to the
current detecting signal and the look-up table, the control-
ling unit 1ssues a feedback signal to the power converting
circuit. According to the feedback signal, the power con-
verting circuit 1s driven to dynamically adjust a level of the
output voltage to be equal to the sum of the voltage drop and
the charging voltage.

The above contents of the present invention will become
more readily apparent to those ordinarily skilled in the art
after reviewing the following detailed description and
accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic circuit diagram illustrating a power
supply system according to an embodiment of the present
imnvention;

FIG. 2 1s a schematic circuit diagram illustrating a power
supply system according to another embodiment of the
present ivention;

FIG. 3 1s a schematic circuit diagram illustrating the
relationship between the current detecting circuit, the power
converting circuit and the power cable of the power supply
system of FIG. 1; and

FIG. 4 1s a schematic detailed circuit diagram 1llustrating
the hub of the power supply system of FIG. 1.

L1l

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

The present invention will now be described more spe-
cifically with reference to the following embodiments. It 1s
to be noted that the following descriptions of preferred
embodiments of this invention are presented herein for
purpose of 1llustration and description only. It 1s not intended
to be exhaustive or to be lmmited to the precise form
disclosed.

FIG. 1 1s a schematic circuit diagram illustrating a power
supply system according to an embodiment of the present
invention. The power supply system 1 1s detachably con-
nected with at least one portable electronic device (not
shown). The power supply system 1 1s used for receiving an
input voltage V. (e.g. an AC voltage from a utility power
source) and converting the input voltage V. 1into a fixed
charging voltage (e.g. 5V) for charging the at least one

portable electronic device. As shown 1n FIG. 1, the power
supply system 1 comprises a power adapter 10, a power
cable 11, and a hub 12. The hub 12 comprises plural
connecting ports 120. For example, the connecting ports 120
are USB ports. After the connecting ports of one or more
portable electronic devices are connected with correspond-
ing connecting ports 120 of the hub 12, the charging voltage
V _1rom the power supply system 1 may be transmitted to the
corresponding portable electronic devices through the con-
necting ports 120 of the hub 12. Moreover, a first end of the
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power cable 11 1s connected with the hub 12, and a second
end of the power cable 11 1s detachably connected with the
power adapter 10.

In an embodiment, the power adapter 10 1s an AC/DC
power adapter for receiving the AC iput voltage V. and
converting the AC mput voltage V. 1nto a DC output voltage
V_ .. The power adapter 10 comprises a power converting
circuit 100, a current detecting circuit 101, and a controlling
unit 102.

The power converting circuit 100 1s an AC/DC power
converting circuit. The power converting circuit 100 1s
connected between an input terminal and an output terminal
of the power adapter 10. The mput voltage V,  1s received by
the power converting circuit 100. By alternately turning on
and turning off a switching circuit (not shown) within the
power converting circuit 100, the AC 1nput voltage V,_  1s
converted mto the DC output voltage V_ .. The DC output
voltage V_ . 1s outputted from the output terminal of the
power adapter 10. The electric energy of the output voltage
V_ _1s transmitted to the hub 12 through the power cable 11.
Moreover, 1n a case that a portable electronic device (1.e. a
load) 1s connected with the hub 12, a load current I,__ , 1s
turther outputted from the power converting circuit 100. The
load current I, _,1s also transmitted to the hub 12 through
the power cable 11. The current detecting circuit 101 1s
connected with an output terminal of the power converting
circuit 100 for detecting the load current I, , and outputting
a corresponding current detecting signal V..

The controlling unit 102 1s connected with the current
detecting circuit 101 and the power converting circuit 100.
The current detecting signal V, 1s recerved by the controlling
unit 102. Moreover, the controlling unit 102 has a look-up
table (not shown). The look-up table is previously stored in
the controlling unit 102 before the power supply system 1 1s
produced. The look-up table records a relationship between
the load current I, , of the power converting circuit 100 and
a voltage drop across a resistor R, of the power cable 11. The
resistor R has a constant impedance value. In a case that the
load current I, _ . 1s within a specified range, the relation-
ships between different magnitudes of the load current I, ,
are correlated with the voltage drops of flowing the load
current I, . through the resistor R, of the power cable 11.
According to the current detecting signal V, and the look-up
table, the controlling unit 102 1ssues a teedback signal V -to
the power converting circuit 100. According to the feedback
signal V, a level of the output voltage V., 1s dynamically
adjusted by the power converting circuit 100.

In this embodiment, the controlling unit 102 comprises a
micro controller 102¢ and a feedback circuit 1025. The
micro controller 1024 1s connected with the feedback circuit
1026. Moreover, the look-up table has been previously
stored 1n the micro controller 102a. According to the current
detecting signal V, and the look-up table, the micro control-
ler 102a 1ssues a control signal V_. The feedback circuit
10256 1s connected with the micro controller 102a and the
power converting circuit 100. According to the control
signal V_, the feedback circuit 1026 1ssues the feedback
signal V,to the switching circuit of the power converting
circuit 100. The teedback signal V.1s a pulse width modu-
lation (PWM) signal. According to feedback signal V4 the
duty cycle of the switching circuit 1s changed. Consequently,
the level of the output voltage V_, . 1s dynamically adjusted
by the power converting circuit 100.

Heremafiter, the operations of the power supply system 1
will be illustrated with reference to FIG. 1. Generally, after
the power supply system 1 1s produced, the length of the
power cable 11 1s fixed, so that the impedance value of the
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resistor R, of the power cable 11 i1s fixed. Betfore the power
supply system 1 1s produced, the magnitudes of the load
current I, , are changed and the corresponding voltage
drops across the resistor R, of the power cable 11 are
measured. The relationships between the magnitudes of the
load current I, _, and the corresponding voltage drops are
correlated with each other and recorded as the look-up table.
Consequently, the look-up table can be previously stored to
the micro controller 102a of the controlling unit 102.

Consequently, when the power adapter 10 1s connected
with the power cable 11 and the load current I, , from the
power converting circuit 100 1s transmitted to the hub 12
through the power cable 11, the micro controller 102a may
realize the magnitude of the load current I, ., according to
the current detecting signal V, and realize the voltage drop
of flowing the load current I, . across the power cable 11
according to the look-up table. In other words, according to
the teedback signal V 1ssued by the feedback circuit 10256 of
the controlling unit 102, the power converting circuit 100 1s
driven to increase the level of the output voltage V_ 1o a
magnitude equal to the sum of the charging voltage V  and
the voltage drop across the power cable 11. Consequently,
after the voltage drop 1s subtracted from the output voltage
V_ ., the charging voltage V . outputted from the connecting,
port 120 of the hub 12 can reach the desired voltage level for
powering the portable electronic devices. In a case that more
portable electronic devices are connected with the connect-
ing ports 120 of the hub 12, the magnitude of the load
current I, ., from the power converting circuit 100 1is
increased and the voltage drop of flowing the load current
I, . across the power cable 11 1s increased. Under this
circumstance, micro controller 102a¢ may realize the mag-
nitude of the load current I,  , according to the current
detecting signal V, and realize the voltage drop of tlowing
the load current I, . across the power cable 11 according to
the look-up table. According to the feedback signal V .1ssued
by the feedback circuit 1025 of the controllmg umt 102, the
power converting circuit 100 1s driven to increase the level
of the output voltage V__ . to a magnitude equal to the sum
of the charging voltage V . and the voltage drop across the
power cable 11.

In an embodiment, the power cable 11 comprises a
positive wire and a negative wire (1.e. a ground wire).
Alternatively, 1n some other embodiments, the power cable
11 comprises a positive wire, a negative wire (1.e. a ground
wire), and a communication wire. Through the communi-
cation wire, the hub and the power adapter can be 1n
communication with each other for exchanging signals.
Moreover, 1n some embodiments, the power cable 11 1is
integrally formed with the hub 12. Under this circumstance,
the power cable 11 fails to be detached from the hub 12.

In some situations, 1 there are some errors 1n circuitry and
the electronic components of the power converting circuit
100, the power converting circuit 100 may fail to increase
the level of the output voltage V_ . to a magnitude equal to
the sum of the charging voltage V . and the voltage drop
according to the feedback signal V. For solving this draw-
back, as shown in FIG. 2, the power adapter 10 further
comprises a voltage detectmg circit 103. The voltage
detecting circuit 103 1s connected with the output terminal of
the power converting circuit 100 and the output terminal of
the power adapter 10. Moreover, the voltage detecting
circuit 103 1s also connected with the controlling unit 102.
The voltage detecting circuit 103 1s used for detecting the
output voltage V_ . and outputting a corresponding voltage
detecting signal V.. According to the voltage detecting signal
V_, the controlling unit 102 may judge whether the output
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voltage V_ . from the power converting circuit 100 complies
with the contents of the look-up table (1.e. the corresponding
load current I, ). That 1s, by judging whether the output
voltage V_ . 1s equal to the sum of the charging voltage V _
and the voltage drop, the controlling umt 102 may corre-
spondingly adjust the feedback signal V. If the level of the
output voltage V_ _ 1s lower than the sum of the charging
voltage V _ and the voltage drop, the adjusted feedback signal
V. may further drive the power converting circuit 100 to
increase the level of the output voltage \V___ to the sum of
the charging voltage V _ and the voltage drop. In other words,
the voltage detecting circuit 103 1s capable of confirming
whether the output voltage V__ . 1s equal to the sum of the
charging voltage V _ and the voltage drop.

FIG. 3 1s a schematic circuit diagram 1illustrating the
relationship between the current detecting circuit, the power
converting circuit and the power cable of the power supply
system of FIG. 1. The current detecting circuit 101 com-
prises a detecting resistor R, and an error amplifier OP. The
detecting resistor R, 1s connected between the power con-
verting circuit 100 and the output terminal of the power
adapter 10. An mnverting input terminal of the error amplifier
OP 1s connected with a first end of the detecting resistor R,
and the power converting circuit 100 through a first resistor
R,. A non-inverting iput terminal of the error amplifier OP
1s connected with a second end of the detecting resistor R,
through a second resistor R,. An output terminal of the error
amplifier OP 1s connected with the controlling unit 102. In
addition, the current detecting signal V, 1s outputted from the
output terminal of the error amplifier OP.

FIG. 4 1s a schematic detailed circuit diagram illustrating
the hub of the power supply system of FIG. 1. In addition to
the plural connecting ports 120, the hub 12 further comprises
plural overcurrent detectors 121, an overvoltage detector
122, a switching circuit 123, a micro controller 124, and a
light-emitting unit 125. The switching circuit 123 1s con-
nected with a positive mput terminal of the hub 12. Under
control of the micro controller 124, the switching circuit 123
1s alternately turned on and turned ofl. Consequently, during
normal operations of the hub 12, the switching circuit 123 1s
turned on. The overvoltage detector 122 1s connected with
the positive input terminal of the hub 12 and the micro
controller 124. The overvoltage detector 122 1s used for
detecting whether the input terminal of the hub 12 1s suilered
from an overvoltage condition. In a case that the mput
terminal of the hub 12 is suflered from the overvoltage
condition, the overvoltage detector 122 issues an overvolt-
age notilying signal to the micro controller 124. In response
to the overvoltage notitying signal, the switching circuit 123
1s turned ofl under control of the micro controller 124. Under
this circumstance, the electric energy from the power cable
11 fails to be received by the hub 12, so that the hub 12 1s
disabled. The plural overcurrent detectors 121 are connected
with corresponding connecting ports 120. Each overcurrent
detector 121 1s used for detectmg whether the corresponding
connecting port 120 1s suflered from an overcurrent condi-
tion. In a case that the connecting port 120 1s suflered from
the overcurrent condition, the corresponding overcurrent
detector 121 issues an overcurrent notifying signal to the
micro controller 124. In response to the overcurrent notify-
ing signal, the switching circuit 123 is turned oflf under
control of the micro controller 124. Under this circumstance,
the electric energy from the power cable 11 fails to be
received by the hub 12, so that the hub 12 1s disabled. The
light-emitting unit 123 is connected with the micro control-
ler 124. In a case that the switching circuit 123 1s turned off
under control of the micro controller 124, the light-emitting
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unit 125 1s controlled by the micro controller 124 to emit a
light beam 1n order to notify the user that the hub 12 1s 1n the
overvoltage condition or the overcurrent condition.

From the above descriptions, the present invention pro-
vides a power adapter for dynamically adjusting an output
voltage and a power supply system with the power adapter.
The power adapter 1s connected with a hub through a power
cable. The power adapter comprises a power converting
circuit, a current detecting circuit, and a controlling unit. A
look-up table is stored in the controlling unit for recording
a relationship between a load current and a voltage drop
across an impedance of the power cable. According to a
current detecting signal from the current detecting circuit,
the controlling unit may realize the magnitude of the load
current and realize the voltage drop across the power cable
according to the look-up table. Consequently, the power
converting circuit 1s driven to increase the level of the output
voltage to a magnitude equal to the sum of a charging
voltage and the voltage drop. When the output voltage from
the power converting circuit 1s transmitted to the hub
through the power cable, the voltage level provided by the
hub possibly can reach the desired voltage level for power-
ing the portable electronic devices. In other words, the
portable electronic device can be normally operated and the
use life of the chargeable battery within the portable elec-
tronic device can be extended.

While the invention has been described 1n terms of what
1s presently considered to be the most practical and preferred
embodiments, it 1s to be understood that the invention needs
not be limited to the disclosed embodiment. On the contrary,
it 1s ntended to cover various modifications and similar
arrangements 1cluded within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What 1s claimed 1s:

1. A power adapter connectable with a hub through a
power cable, said hub having plural connecting ports, said
power adapter comprising:

a power converting circuit for receiving an iput voltage
and converting said input voltage into an output volt-
age, wherein said output voltage 1s outputted from an
output terminal of said power adapter, and electric
energy of said output voltage 1s transmaitted to said hub
through said power cable, so that a charging voltage
with a constant voltage level 1s provided by said hub
through said connecting ports;

a current detecting circuit connected with said power
converting circuit for detecting a load current and
outputting a corresponding current detecting signal,
wherein said load current 1s transmitted from said
power converting circuit to said hub through said
power cable; and

a controlling unmit connected with said current detecting
circuit and said power converting circuit for receiving
said current detecting signal, wherein a look-up table 1s
stored 1n said controlling unit for recording a relation-
ship between said load current and a voltage drop
across an i1mpedance of said power cable, wherein
according to said current detecting signal and said
look-up table, said controlling unit 1ssues a feedback
signal to said power converting circuit, wherein accord-
ing to said feedback signal, said power converting
circuit 1s driven to dynamically adjust a level of said
output voltage to be equal to the sum of said voltage
drop and said charging voltage;
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wherein said current detecting circuit comprises: a detect-
ing resistor connected between said power converting,
circuit and said output terminal of said power adapter;

an error amplifier comprising an inverting input terminal,
a non-inverting mput terminal and an output terminal,
wherein said inverting input terminal of said error
amplifier 1s connected with a first end of said detecting
resistor and said power converting circuit through a
first resistor, said non-inverting mput terminal of said
error amplifier 1s connected with a second end of said
detecting resistor through a second resistor, and said
output terminal of said error amplifier 1s connected with
said controlling unit for outputting said current detect-
ing signal.

2. The power adapter according to claim 1, wherein said
controlling unit comprises a micro controller, wherein said
micro controller 1s connected with said current detecting
circuit, and said look-up table 1s stored in said micro
controller, wherein according to said current detecting signal
and said look-up table, said micro controller 1ssues a control
signal.

3. The power adapter according to claim 2, wherein said
controlling unit further comprises a feedback circuit,
wherein said feedback circuit 1s connected with said micro
controller and said power converting circuit, wherein
according to said control signal, said feedback circuit 1ssues
said feedback signal, so that said level of said output voltage
1s dynamically adjusted by said power converting circuit.

4. The power adapter according to claim 1, wherein as
said load current 1s increased, said level of said output
voltage 1s increased by said power converting circuit.

5. The power adapter according to claim 1, wherein said
power adapter further comprises a voltage detecting circuit,
which 1s connected with said output terminal of said power
converting circuit and said controlling unit for detecting said
output voltage and outputting a corresponding voltage
detecting signal, wherein according to said voltage detecting
signal, said feedback signal 1s correspondingly adjusted by
said controlling unit, wherein if said output voltage 1s lower
than the sum of said voltage drop and said charging voltage,
according to said feedback signal, said power converting
circuit 1s further driven to dynamically adjust said level of
said output voltage to be equal to the sum of said voltage
drop and said charging voltage.

6. A power supply system comprising: a power cable;

a hub connected with said power cable, and comprising at
least one connecting port; and a power adapter con-
nected with said hub through said power cable, and
comprising: a power converting circuit for receiving an
input voltage and converting said input voltage into an
output voltage, wherein said output voltage 1s outputted
from an output terminal of said power adapter, and
clectric energy of said output voltage 1s transmitted to
said hub through said power cable, so that a charging
voltage with a constant voltage level 1s provided by
said hub through said connecting ports;

a current detecting circuit connected with said power
converting circuit for detecting a load current and
outputting a corresponding current detecting signal,
wherein said load current i1s transmitted from said
power converting circuit to said hub through said
power cable;

a controlling unit connected with said current detecting
circuit and said power converting circuit for receiving
said current detecting signal, wherein a look-up table 1s
stored 1n said controlling unit for recording a relation-
ship between said load current and a voltage drop
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across an i1mpedance of said power cable, wherein
according to said current detecting signal and said
look-up table, said controlling unit 1ssues a feedback
signal to said power converting circuit, wherein accord-
ing to said feedback signal, said power converting 5
circuit 1s driven to dynamically adjust a level of said
output voltage to be equal to the sum of said voltage
drop and said charging voltage and

wherein said current detecting circuit comprises: a detect-

ing resistor connected between said power converting 10
circuit and said output terminal of said power adapter;

an error amplifier comprising an inverting mput terminal,

a non-inverting input terminal and an output terminal,
wherein said inverting input terminal of said error
amplifier 1s connected with a first end of said detecting 15
resistor and said power converting circuit through a
first resistor, said non-inverting input terminal of said
error amplifier 1s connected with a second end of said
detecting resistor through a second resistor, and said
output terminal of said error amplifier 1s connected with 20
said controlling unit for outputting said current detect-
ing signal.

7. The power supply system according to claim 6, wherein
said power cable comprises a positive wire and a negative
wire. 25

8. The power supply system according to claim 6, wherein
said at least one connecting port comprises plural connecting
ports.

9. The power supply system according to claim 6, wherein
said power cable 1s itegrally formed with said hub. 30
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